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Abstract

Tissue engineering has been committed to combining biological cells and materials to construct
organs and tissues in vitro or in vivo to repair human body damage. With the deepening of re-
search, scaffold materials are constantly biomimetic and functionalized, and can repair or me-
diate damaged tissues by improving cell activity. Studies have shown that cell activities and
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intracellular signal transduction are mostly carried out in the form of bioelectrical signals.
Therefore, conductive materials can give damaged tissues a better biosensing environment and
help guide cell behavior at the damaged site, including migration, adhesion, proliferation and
differentiation. From polymers to composite materials, to ceramics and even metals, various
types of conductive materials have been introduced into tissue engineering. According to their
conductive properties, they can also be divided into conductive and semi-conductive. This re-
view aims to introduce and summarize the research progress of conductive biomaterials used in
tissue engineering.
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1. 518

W RoR, HTIRIT 285 1w A 2450405 1 2 R 20 m] o5 SE I By o ) — 2, AMREFRARIRET
ILAEAE 8,000,000 i F: BE 16 TT RECTIAREAE 40~9000 /7, PG+ H s s vl BEH — NSNS TR
M ER[1] [2] [3] [4] [5]. A T#EBETREHMEMN, mHEFHEEXHABALE, RAAE—FENE
HRABIREG . AL TR S R R IE R 5 B AR, Cl b 4 i TR = 5 5 5 3R 22 A1
AT N TR LA B pheh s sk m i R e . H T TREBAR O 2 A T & Fh kY
MALRBEBE S, k. OIF. #h2. PUAL BCE B8 A BEEE6] [7] [8] [9]. BEEHTFMIA
WizR N, AMTTRILD)REAL I AE MM Rl e i AE A S UE F I R A R A A OCBEAEF  E AT TN R A 4 RS
BEHAFETT, 3R] AR S A RE S BT e A B A R AR, S — DR g M AR BEE BT, G P B A 4y
th, HE 5 FHHLARAEK[10] [11].

FI M 20 142 60 FEAX Bassett 25 A 52 ST HLFE S XA SUVE K ARZm LSRR, AT SCEGAIE AL B Il e %
X B AR KA F[12] . B WFFER I, TEAR St N A 22 B IR F3% (1~10 V/em) B AZ I L (10~100
mAES, BERSIEI T A I IE RS . HEZURIZE M B 2L A 2 SUR IS I 4E M 14T, FRREE (R i v 2 41
R s A R AR b, BRIEER A AR, IR RE(EEE B 4H M A5G [13] [14]. DRI, JCRERZ 1T F
N Gk HOGRET BA SRR AV B K Sl . 9K, BRaPKE . A 00 DL & R Bk (10
SRR 1) 5 AR DA R R T FLAR S 1445 F P R AR 5 R T AR AR A SRS A B AU AR R AR R
ZHEFE[15]-[22]. [l H RGP (CPS)TE i — AN R, AU R T-6 B A TC LA AR 1 H
UL RO, [FIREATEIRA 5 TG A TR G R AL, W22 T U T BR[23] [24] [25] [26]
[27]. LRIXEe S M RIAMY ARG — @ FAEMM AN, BRIt a4 HiEs), SOREMRAER. Kk
WA I HRE RS AR IR G 5 2 43 S A v 1 B 1 DR ) 40 U4 [28] [29] [30] [31]. 4R, X 4L G HLRA
BHEAEAE — 280, LLan 5 B S G W) (CPS) I AW I M2 A% = AR AR N KB ME S RIE B, R i 22
R ZIRTFARI AR, SR 3 R 0 A AN AT BR 1) 1 HA RO . O T o X 24 1]
W, A FEN IR AN 503 5 F AR B 45 i ARLRIRNG SR AE R F TR AR R (1 R
PG RAR, BgEH R
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2. SERGMRHAESMH
21 RMEEESSHH

g (PPy) &2 —FLE R &), BB AR B REER I A RIGFH S k. fEAEYES TR
R e, el e B NI T B 1 )5 DLk 2= 0 07 207 A, AT A T & B Pp kL. 1958 4 Natta
LENERT R K, b5 Dall'olio 28 N7ER R3S B2 xR RKIL T 75— Fb &1 kg (PPy) [32].
TERNSHEREE PR WL, R PPy)BA Sk, —EMFRoN, &AW EYMEENE, &
BT B PRSI R I o, T i, JF BT LSRR B TE R R AE [33] [34]. T LA X4 i oh e 1A Rt
DT H AT T . 2004 45, F 25 N Bk 22645 (1) PPy A WA A EEAT 1 T 3Pl . fAT# PPy 53
RITR SIS T 20 B F5 A0 S A Y i R B V00T 4 i 15 7= A I A B & A AR e . sk, 578
FIBTAELL, AR AR PPy EREFRIME AU AR K BT RS IE RN T PPy TERERE A 3R 1 (18T
RS, TR A R R AL E P& =25 1) ] B B A R AP B R [35].

HHeFBRESY—FE, Rk (PPy) B A L KR ETE, R 4l Sk i i) 1 S o SRS W A
WX, DR, WFFN GOK PPy 5 At T B 1Y) SR & P & il 4% Hh T SR A AR H A O iz AR
SUTRER) T AEYIMRE . T E UL IR A A RS PLAL PLGA. PCL. 72 RMERIZ K EATEN T
PG BECR AR R A [30] [36] [37]- Jan Lukasek ¥ 5 [6- (Mg -3-45) CLER] (PPYHA) Z VT2 N s
(PCL).L, Fi#s p-H1%E (B-CD) [ e fEA& A PPyHA () PCL L, 4% 7 H TR TR SRS -
WIS ZE, BRSNS R, ZE A PCL-PPYyHA-CD #H R HAG WA A M, 1 oK ek 7 40
S EHRAR BAEF[38]. H ATt &HATAEM AN T VMRS 2005k R G e EgEL
EAH R TAETT A2 T T2 N o

22, BEMRETEY

Rk (PPy)—#E, JEMEW (PTh) KL AT A AT LLE A2 A R A R A S 7 VB e (BT
ML (PPY) 2, ZRMEW) (PTh)j& — Sl b 581 5 BT B A A RV ) 5 AR S W (CPs) . DAMERy . =1
Wy Ry BRLAAR S F-1E R BHA, B 3B % FhAS [5] 1) B 66 8 ] BR A% 15 21 & FhoAS [ 14 BR 1Y) SR ey T AR 4
SR B PN 1) 75 SR [39]0 FH T AR T 2 P, SRMEWY (PTH) AR T R MLn (PPY) RE A 75 5 )7z 1)
KT HATERMN, FULERLEN T, MW (PTH) I 5 i 5 &4 (CPs) B J7 {#[40].

H 20 tH4d 80 FEARNATR IR EEN (PTh) LK, HAMME AT AW 5] AT T . Bl
L2 25t 22 M e R R iy AT 2 AN RO 5 2. b 38(3,4- 100 & — 5B EWY) (PEDOT) B\ N RENS AR
ML (PPy), HONREEE T 2K SRR, Fove BA B Sy E AT o 1) S vk [41] . s He R
TR 254875 PEDOT HABARMIBAST, 0 b RIFAEVIAME AN, &b T e AR E iR
RSNz MRS EDOT SAAIE ff £ XX (= 5 Y LR 1t 55 ) It I i (EMIIMY) 5 36 4T S8 G il £ 1 2R
(3,4-F. £, — 5 BEWY) - B TR (PEDOT-IL)IRJZ, &4 fiful o7 s PEDOT-IL REMIEM L Bk
THT ) AR A CRR AT DA 3k PR FE BB K KR A T S MR R AT, Xl SR B W O A K 5 g DA R A 3 1
TR SR A0 B35 G2 (0 B 1 e 48 SR T AN 20 2 1 TR AT B K ISR o [42] - M e Al
PRI A S BRI AT I TR R (AlQ) X 45, FEAE IR 26 B 5 b A5 B PEDOT, il % | PEDOT/AIlg
SO, SREGEE R WIAORL v IR T Al R S SR, O H R AL R A S R A TR AR 1T, R
% S REAT G B T 20 B 1 B o S5 1 B [43]

23 BEREHEEMR
RAENG(PANDE —Riiii A R IA G (R EY), SR 2R % DAL 22 s A 22 TR 5 1 A [44]
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1826 4, fE[E k2= Otto Unverdorben i ot #AfF 28 THSE WA 1 X 19 25 iz (aniline) . 1840 4F, Fdtzsche M
W A5 B0 T DIR[0 2R % AR AR Y, o Har 4o aniline. {H T4 Bl R RIS, AAT1xE
BT IA R Z 2 B, BRI St — B T k. 1987 4, Alan G Mac Diarmid [45]#2H T
FRGE R BRI BR S 6 B T LA PANI S5 RIIERY, Z4E MRS 2] 17 Rl )32 AT . i T A 4
RIS, et R, S8 n] B Sk K tb e tEme, &— e lE, REmhlE S A Rk )
REMIT A AIATRL, B Tl S aF e, MR mAER. r iR E e, FRAMKIZERS
Yiik BAG FARAE S R, RIS ERET R, 2R 2R, PR, MERENL . — @AY
ZNE TR G IR BRAI, X845 SRR R AT A e 2 T RE (9 5 s AR R 46 5 73— 2 Hhb.
EVFES, PANI EA MRS G FRIETE B L0807, XA B RS AR A RO 24 [46]
[47] [48] [49].

[F] SR IE (PPY)—FF, SRR (PAND T H AL 2R G, FE A 45 4 5 Bl 15 7 B At 237 1) RO TEIR
X KT IR S EAAE R A P MEVE LA AR e, & AR TR S AR/ ok, AT 3R
AL TR R — B A 15 1k EXAN R G B R SRR B AT e i R, AR IR R ILIIR R
BRSO E S Hm TR FERYmA L, MUBAERIEAN R RN, EHAF RIFHSHEME. 5
Gb, MIERIR A SRS 25 R 2t S5 m A 251 [50] [51]. T2 VF 20 el b R R e 5
B AT B AREE B A BB AT DR B AR SR A (U SR FLIR) IO R AR R A WA 45 6 ok i A I FE 1
BIAED AT B AR RL . a0 T 4656 NFF R T R PE I BA LEAT AR P R T 2 2 S e S e o AT T A
FTERL T WS R - R IR IR KBS AR5 KB IR WSS R 3% PANI JEA 3R A i 2 o
(352 R H O EE R TE e KEER B th 7RG T3 1 i S A R ML B, HFAE 1 kHZ R
ERMAPUEE Z = 4.17 Q [52] - Petr Humpolicek S5 R AE V-4 I8 LRI MR 3R A 1) 2% th — ol 0 By
TRV R B RGA REERS, AR & T RORIEE A 1 5 i RUK B A R, B R A1 R4
BV, AT BT AR R AR R A, R T RIBUR A S A G TAE[53]. T A AN S e AR B
SRA N AE T LR AE T SRS SE, SR AR AE | £ TV SR 5 B KB IR T TR A & R T2 Mt TG 5t .

3. R FEIEERBHR
3.1 &

REAE b B3 B RnER, W UERBR S AN T2 T A A ik, Atz .
H M 1787 4, R E RIS AR IEE DK, ST XMoo A 58 — BT . BT & BRI 1 A
FLHA B(SIOy, SigNa) B e HA ALV A MEAN U E eV, LA S TR IR AL A VBT H AT 2
ez T AR 2 S [54] [55] [56]. SHE - FHMELAFEMKZ, R FEMEN T SR SHZEZ [,
J& T2 R, H T A AR KOG 2R o i BH AR T 221 e A 2 i ) 75 R[5 7] 46 B REE G K 2 (SINWY)
HATREER A PTA5 1)  fL I DL AR DT BRI, XA 9K AR B HEEAE 9 A i VE AR 7 T e A L 1)
A HL[58] [59].

3.2. Bk

WAE N EAR A —FP e R, AN ARATRIBE. 2R BRI [F) 3R TR TR T 2 [ AN A
PN E TR ERBTARMENESR T TR ERF AR NS EERE, BSEefman
FRPER . HAET, BRICKAEL(CNS) M ZE4E(0-D) £ = 45 (3D) 1 % Fh Al & 7 I AR L35 41 52 475 (GR) . BRgK
ZFYE(CNF). BRAKE (CNT). & B (C60) 55 T H i (g A Z23E 1 L R RIS A — @ IS
PECHN T AR, ik i 75 5 e 124 [60] [61]. YT 2 2[62] AWk A% IKA% [63] [64]
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WA e E A7 T 455 [65] [66].
A SR A TR sp2 B B SR T4 R PR 5 PR I 0 s R AR ST T, 2004 4R IR DA URR S (1 77 v
PAFHRZ A 2IE LLR[67], (B 7 AT P sz . T BAF SRS, bR
WIEEMIAEZS M, AR EAMT DU TR, IR EH T = e . TR, EREY
HIIN A S84 P LASR s SR U 9K B A MR MR PERR[68]. I AT FUR I, & A 1 380 I
7K ke B AT AR = RO TED P TR BE, AT DA Sy — ol A A R 25 1 R0 P R A 9 25 o R T 4l R % 2% [69] [70] -
Sepehr Talebian 44 A7 SIHAK A SRR HR, BB RAM & T A RIGPKE S F4E, List
RERZEGAG4RA RIFMPUMERE, $FEtE, Um0 B rERe DU E/KF R AE A [ 71] . AR
W IT R 7T EAA RIS LR RO 0 RS KB . DL E o G 4L KR
AEENARGES, IR L R ZIRIRER G )5 ERe, o4 R IR B B A = S i
PERE LK R UF () E A

TR (CNT) & — Pl EH ik S I8 0 sp2 Se A ELAEA 17 e 2 Lo goK S5 44, W] LABRAR A 46 it BRI
FEEME T, B Lijima T 1991 g ORIL[72]. BRAUKE AT NP RS BREERRYPIKE (SWCNTSs) 1 £ B
TRAIAKE (MWCNTS). BRAK A 4E(CNF) B8 B A 5K E AL EI AL TE 9K 548 . LB 8 B A0 H 2
PERE[73], (H'E 2 B S0 DL Rl OMERR (o, SO ARRA IR ik 74]. BT REARTH
HIAL 22 1t B S UM E, CNTSs A1 CNFs ¥ 4 N H Tl 45 07 42 342 . Sanjib Bhattacharyya %5 AR B BERK 44
KA 5 IF A R G UL = LG FE AT R 4 T — P A b K, SEI0 45 R R Z AR A AR LA SRR 1 40
a1 5B JIFVERE[T5]. SR, BRANKE SRR LT 4E R AE VAV H B ARAE — 285, AR
EIRBRAKE B B EVE R [76] [77] [78], HHT, BRAWKE BINE T F Dhaedh DU A WA 25 1 1
BN T T

3.3. EMAKKF

I IR AR T A R BN T R R & T AR — R W T . SR YRR
THRARRSEME, EESCANINE L. AT NHR TR AR, H AR 2
OB RG] o H T GR35 3 208, 5 4 Ja R Tl R 4E e SR & T B R g AR, X2 3N
SRR HIRSE, Xt ger A E I S H AR AE RS Bk, (KFE. (KGRt R TR 4
JERLF JLIREER o S A KKLF (AUNPS) BN IR 4, & WAMCK 204 J8 BORLAE iRt A v (1) B, BLARAE
3 £ 200 nm Z [i] . AUNPs PE AR B4RV I 52 BRI 2 1) O%7E, BlanaE LB G Al R . Sife e
PEFAEDIAH 2 . A48 BT RN 23 BOR ST BARAE 5 R T ThREAK[79] . K. D. McKeon-Fischer il J. W.
Freeman K R FLER(PLLA) S AuNPs JLiR, il i YT 22 5 R H1 4% T AW ] BRI 9K T4 S0 28, Seit 4
RBRPZGUKRA S B RIUF Tk, T REMRE S YA [80].

4. ZRERE

B H L TR S AR FE R ATt 28, RN 1N S AN R 26 AR /K AR DREAL S
ZMEHBBOR B 2 g T 5 N . 3 AR T 51 S AR AT 9 DL R AR S A M LAE S (R T A
HHEITZIP AR bR EMINR KB TR 22 IRelt, TBRAES 7 IR,
BIRFIRIEFERENS € SCR SN L DI REAL LUE ] T E FoR e MG DML B L2 5 B
BIFTRILEREY, B, TR R KB, X LEE PR SR AT REE XS B 2 P AT — E
P, XRPEARIVEMBIOERE . 25, CPS TEH TR PN WAATE— B MREAT . BLA R RN
IRAFERG R EY) - RIS, AR B AL E sk, FUKYE. W EATI T2, LA
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ERINURRAE S, XIRG 7 SRR EWEEMESETNEE— PN BT SHREEY, Lot
FEERA RO 1 S S SR A PUR LGRS, DRI 1 A3 TR 5 AR AR s U7 1) A )
AT 5% o AELAFDXT M, A% 52 3 FR A RL AT U P A BR (EL Ay 32040, e oRobL 145 S B D BEAL 7 T A7 A2 R
FLAH M BE L5 T A7 AE L G (AR GOK ), AR AR VR IR R B - D 1tk 3 HURDRE H AT AE (1 17
AL, MUHRZ R SRR SAE T RMEIE S, Hl80ERBE 2R 1T AR, (LT
RS HUBPERE: SIANAIIANES(ECM), SAGETEE A s KB 7, 2D Sl 230 7 v D RE AL 32
EAEVIARAYE, X RRR IEA AW S I . SULEIR, B EE A AN A, e n oA
AET AL S 3 AR A BT A8 A2 () G5 ) 2 ] S M 42 J) A P ZE PRV 3 S A B A B 7 IR LS R RE 2
AR T MBI ST AL

SE K
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